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inh ib i ted;  when IAA  was added after  the anaerobic  
period more of the  endogenously formed lactate  was used 
up by the nucleus than  in the controls w i thout  IAA. 
F rom the average of the 3 exper iments  reported, we 
may conclude that  18% of the  tota l  endogenously formed 
lactate  was used up in the aerobic period and 28% when 
also IAA was added. In  the last  co lumn of the Table it  
is shown that  when ATP  content  of fresh nuclei is taken  
as 100%, the resynthesis  of ATP  after  anaerobic  treat-  
ment  reached a level of 69%. This percentage is in agree- 
ment  wi th  the resynthet ic  apaci ty  of ATP  in rat  thymus  
nuclei  as publ ished by  B~TEL and KLOUWEN ~. The addi- 
t ion of 0.050 m~I  iodoacetate did not  inf luence the resyn- 
thesis of ATP  very  much. Higher  amounts  of iodoacetate 
than  1 mM gave a clear and rapid decrease of ATP  
content.  
The possibi l i ty exists that  the inhib i t ion of respirat ion 
and ATP  synthesis  by  higher amounts  of iodoacetate as 
found by  other  invest igators  ~-~2 is not  caused by  the 
inh ib i t ion of g lycera ldehydephosphate dehydrogenase. I t  
is known that  iodoacetate is not  a completely specific 
inhibitor ,  not  even for compounds with sul fhydryl  
groups l~. 
I t  is clear from own exper iments  and from those re- 
ported by  other  workers that  glycolysis is involved in 
nuclear oxidat ive phosphory lat ion.  A str ict  dependence, 
however, as is suggested by  McEw~z~n, cannot  be con- 
sidered as establ ished, since it  is possible to inh ib i t  
glycolysis by  a low concentrat ion of i0doacetate (0.050 mM)  
while oxygen uptake  and ATP  synthesis are hard ly  
d iminished is. 
Rdsumd. Les exp6riences pr6sent6es mont rent  qu' i l  est 
possible d ' inh iber  au max imum la glycolyse des noyaux  
isol6s du thymus  de rat, sans inf luencer la respirat ion et 
la synth~se d 'ATP.  Elles sugggrent ainsi  que, dans ces 
noyaux,  la phosphory la t ion  oxydat ive  ne d@end pas 
forc6ment de la glycolyse. 
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Induction of Morphological Aberrations by Enzyme Inhibition in Drosophila melanogaster 
Induct ion  of morphological  aberrat ions  by  base analo- 
gues is reported in Drosophila and in Ephestia. I t  was 
concluded that  these aberrat ions  were probab ly  a con- 
sequence of somatic  mutat ion  fol lowing the incorporat ion 
of the  analogues in DNA 1, ~. We shall  report  on aberra-  
t ions induced in Drosophila melanogaster by 5-fluoro-2- 
deoxyur id ine (FUdR)  and probab ly  caused by  enzyme 
inhibit ion.  
The flies were reared in 1/81 cream bott les w i th  33 ml 
of a s tandard  food med ium (1000 ml water,  19 g agar, 
54 g sugar and  16 g dried yeast). 
In  5 di f ferent wild stocks (Argeles, Riverside, Gronin-  
gen 3, Groningen 67 and Pacific) FUdR induced the fol- 
lowing abnormal i t ies  in h igh f requency:  increase of 
scutel lar and  dorsocentra l  br ist le number  and incisions 
of the  wingborder.  Other  aberrat ions  which appeared in 
lower f requency were: 5th vein interrupt ion,  smal l  rough 
eyes, leg mal format ions  and increase of sternopleural  
chaetae number .  
In  Table  I the effect of several  concentrat ions of FUdR 
is shown in 9 ~ of 2 wild stocks. In  this  exper iment  at  
concentrat ions  above 1 mg/1 mor ta l i ty  increased con- 
siderably. Deve lopment  was a lready retarded at  the 
lower concentrat ion.  The effect on d~d~ was similar, but  
the f requency of ext ra  brist les was lower and the f requency 
of wing notches was higher. On 3 of the  wi ldstocks 
(Argeles, Rivers ide and Groningen 3) comparab le  con- 
centrat ions  of 5-fluorouracil, 5-bromouraci l  and azauraci l  
had  no effect. 
In  contrast,  the  folic acid analogue aminopter in  caused 
a s imi lar syndrome of abnormal i t ies  (Table I). This is in 
agreement  wi th  results of SCHULTZ 3 who obta ined the 
same effect by  adding another  folic acid analogue amethop-  
terin. 
I t  has been shown by  several authors  4,5 ill d i f ferent 
organisms that  FUdR blocks the synthesis  of thymid ine  
by  inh ib i t ion of thymidy la te  synthetase.  The folic acid 
analogues inh ib i t  the  enzyme dihydrofol ic acid reductase 
and prevent  he synthesis  of , tetrahydrofol ic  acid s. Tetra-  
hydrofol ic acid is a cofactor of thymidy la te  synthetaseT. 
So, both  aminopter in  and FUdR affect the  same step in 
the synthesis of thymid ine.  I f  th is  causes the abnormal -  
ities in Drosophila, it  must  be expected that  addi t ion of 
folic acid and thymid ine  will p revent  he effect of aminop-  
terin, and thymid ine  the effect of FUdR.  Results of such 
an exper iment  are in agreement  wi th  this  hypothes is  
(Table II). P re l iminary  results of exper iments  in which 
the flies were reared on chemical ly  defined steri le media 
suggest hat  also folic acid deficiency causes the appear-  
ance of extra  bristles. 
The conclusion seems justi f ied that  FUdR causes 
morphological  aberrat ions by  inhib i t ion of an enzyme 
(probably thymidy la te  synthetase)  for thymid ine  syn- 
thesis and not  by  incorporat ion of this  analogue in DNA 
or RNA. 
I t  seems possible that  RIZKI's results i can be explained 
in the same way. When he added 5-bromo-2-deoxyur id ine 
(BUdR) and 5-fluorouracil  (FU) separately he did not  f ind 
any effect. But  BUdR and FU added together  caused 
abnormal i t ies  viz. supernumary  bristles. He suggests that  
FU  causes a thymid ine  deficiency, then  BUdR would be 
incorporated in DNA and would cause somat ic  mutat ion.  
However,  evidence obta ined on mammal ian  cells s sug- 
gests the possibi l i ty that  par t i t ion  of BUdR could supply 
the 2-deoxyr ibose-t -phosphate necessary for convers ion 
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of F I J  in FUdR.  This ,  then ,  wou ld  resu l t  in inh ib i t ion  
of thymidy la te  synthetase .  
An  impor tant  p rob lem is how aminopter in  and  FUdR 
cause  s imu l taneous ly  ext ra  br ist les,  notch ing  of  the  w ing-  
border  and  rough eyes.  The  normal  d i f fe rent ia t ion  of 
these  organs  depends  very  much on the  ordered  or ienta -  
t ion  and  the  ra te  of  mi to t i c  d iv i s ions  9-n .  I3oth aminop-  
ter in  and  FUdR re tard  mi to t i c  d iv i s ions  ~2,1a. Moreover ,  
BERTSCIIMANN 1r found  that  n i t rogen  mustard ,  wh ich  is 
also a s t rong  inh ib i to r  of  cell d iv is ion  xS, causes  the  same 
k ind  of abnormal i t ies  as aminopter in  and  FUdR.  There -  
fore, it  seems poss ib le  that  the  abnormal i t ies  caused  by  
aminopter in  and  FUdR are a consequence  of d i s turbance  
of the  normal  pat te rn  of cell d iv is ion.  
Induct ion  of morpho log ica l  aber ra t ions  (often pheno-  
copies o f  mutants )  in Drosophila can be  ach ieved  by  a 
var ie ty  of env i ronmenta l  man ipu la t ions ,  e.g. temperature  
shocks  and  all k inds  of te ra togen ic  agents~-~s .  Of ten  the  
percentage  of an ima ls  a f fec ted  is ra ther  low and  the  
resu l t s  are  d i f fe rent  in d i f fe rent  s tocks ,  both  in te rms  of 
f requency  and  types  of abnormal i t ies .  In  our  exper iment  
aminopter in  and  FUdR show a very  specif ic  ac t ion :  the  
same syndrome is found  in  wi ld  s tocks  of d i f fe rent  or ig in.  
However ,  th i s  must  be expected  in v iew of the  ac t ion  
on  speci f ic  enzymes ,  wh ich  can  on ly  be compared  w i th  
the  ac t ion  of mutant  genes.  Ant imetabo l i tes  wh ich  inh ib i t  
specif ic  enzymes  are  in fac t  the  ideal  phenocopy ing  agents  
and  wil l  be  usefu l  too ls  in e luc idat ion  of  the  re la t ion  
between d i f ferences  on  the  genie  level  and  the i r  effect.  
The number  of  scute l la r  and  dorsoccnt ra l  br i s t les  in  
Drosophila has  been  used  as a quant i ta t ive  character  in 
numerous  se lect ion  exper iments  ~9-2~. The  genet ic  var ia -  
b i l i ty  for th i s  morpho log ica l  character ,  revea led  by  the  
large se lect ion responses ,  must  be based  on molecu la r  
var iab i l i ty  viz. var iab i l i ty  in the  amount  or ac t iv i ty  of  
enzymes .  The  connect ion  between molecu la r  var iab i l i ty  
and  genet ic  var iab i l i ty  in  quant i ta t ive  morpho log ica l  
characters  is a cent ra l  p rob lem in popu la t ion  genet ics .  
Unt i l  now,  the  hope  to es tab l i sh  th i s  connect ion  had  to 
re ly  on a gradua l  inc rease  in over lap  of  genes  respons ib le  
for quant i ta t ive  var ia t ion  w i th  genes  caus ing  i soenzymic  
var ia t ion  ~3. I f  our  in terpreta t ion  of  the  ac t ion  of aminop-  
Table I. The effect of different concentrations of fluorodeoxyuridine 
(FUdR) and aminopterin (A) in ~ of D. melanogaster 
Stock FUdR rag/1 0.0 0.5 1.0 2.0 3.0 4.0 
Pacific No. 252 195 225 74 44 52 
sc. br. % 6.35 29.23 36.00 5.41 36.37 46.15 
mean sc. br. 4.07 4.37 4.59 4.09 4.4i 4.63 
notch % 0.00 0.51 2.67 2.71 18.19 7.69 
Gronin- No. 295 241 243 25 12 57 
gen67 se. br. % 0.00 12.03 22.63 8.00 8.33 66.67 
mean sc. br. 4.00 4.i6 4.35 4.12 4.85 5.11 
notch % 0.00 3.73 6.58 4.00 33.33 50.88 
Stock A ing/1 0.0 1.0 2.5 5.0 7.5 10.0 
Pacific No. 189 140 97 131 52 95 
se. br. % 6.87 4.0.00 54.64 80.91 88.46 89.47 
mean so. br. 4.04 4.63 4.91 6.30 7.19 6.89 
notch % 0.00 0.00 12.86 10.00 48.00 30.00 
The FUdR figures are averages of 3 cultures, each stocked with 
200 eggs. The aruinopterin figures are averages of 3 cultures in which 
flies had lakt an unknown nulnber of eggs. No., number of flies 
scored; so. br. %, percentage of flies with more than the normal 
number of 4 scutellar bristles; mean so. br., the mean number of 
scutellar bristles per fly; notch %, percentage of flies with notches 
along the wingborder. 
ter in  and  FUdR by  inh ib i t ion  of enzymes  is correct ,  th i s  
k ind  of substances  can  be  usefu l  for  a sys temat ic  ap-  
p roach  to th i s  p rob lem.  "When by  inh ib i t ion  of an  enzyme 
a change  occurs  of  a quant i ta t ive  character ,  i t  seems 
probab le  that  a change  of the  gene produc ing  the  enzyme 
concerned,  can  cause  a s imi la r  change .  Then ,  i t  wi l l  be 
wor th  whi le  to look for i soenzymes  and  the i r  re la t ion  to 
the  quant i ta t ive  character  concerned  0-~. 
Table II. The effect of fluorodeoxyuridine (FUdR), aminopterin (A), 
thymidine (T) and folic acid (F) in $0 of the Groningen 67 wildstock 
No. se. br. d. br. Notch 
% % % 
Control 253 0.40 0.00 0.00 
FUdR 1 179 1.12 1.12 1.12 
FUdR 2 137 0.73 11.76 20.44 
A 2 144 60.42 93.06 27.08 
T 2000 198 0.00 1.52 0.00 
FUdR 1 + T 1000 227 0.00 0.00 1.32 
FUdR 1 + T 2000 191 0.00 0.00 2.62 
FUdR 2 + T 1000 230 0.43 0.00 0.87 
FUdR 2 + T 2000 197 0.00 0.51 0.51 
A 2 -i- T 1000 206 4.85 6.80 0.00 
A 2 + T 2000 231 0.43 2.60 0.00 
A 2 - F 5 226 3.10 4.42 1.77 
A 2 - 1" 100 222 0.90 0.45 0.45 
Concentrations in mg/1. Figures arc averages of 
culture was stocked with 200 eggs. Aberrations 
percentage of individuals showing increase of 
(so. br.), increase of dorsocentral bristles (d. br.) 
the wingborder. 
3 cultures. Each 
are given as the 
scutellar bristles 
or notches along 
Zusammenfassung. Zusatz  zum Fut ter  yon  Drosophila 
melanogaster von  5 -F lunro -2 -deoxyur id in  oder  Aminopt -  
er in  induz ie r t  i iberz~ihlige Skute l la r -  und  Dorsozent ra l -  
bors ten  sowie gekerbte  Fl i igel.  Diese Mod i f i ka t ionen  wur -  
den  als Konsequenz  yon  Enzymhemmung in terpret ie r t .  
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